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The polarized proton collider RHIC

O Luminosity (STAR recorded) and polarization performance
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The STAR detector
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for Run 6 with 3<n < 4)

Slllcon
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n;:g:i? > _ Forward TPC Egi;:g P
' I ® FMS upgrade (Run 7 and

2005 beyond with 2.5 < n < 4)

® Beam-Beam Counter (BBC): (3.4 < |n| <5H) ® EM-Calorimeter: (Barrel - BEMC : -1<n<1

O Relative luminosity measurement & Endcap - EEMC: 1.09 < 1y < 2)

— - QO Reconstruction of v, ex and x°
O Absolute luminosity measurement ;

Q Jet-reconstruction in combination

with TPC
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O Local polarimeter (A for charged particles)



Hadron / Jet production

O Hadron / Jet production: Jet and Hadron production

0 Underlying processes contributing to inclusive jet production and n° / ni* production
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O Hadron / Jet production: Jet / w9/

Hadron / Jet production |

O A, sensitivity for different AG scenarios
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Hadron / Jet production

O Cross-section measurement: Forward neutral pion production
p+p > °+X vs=200 GeV
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L.Nogach (Protvino) - SPIN2006
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Forward n° production : Dominated by asymmetric qg

collisions

NLO pQCD calculations for two sets of fragmentation

functions

Data compares favorably to NLO pQCD at Vs = 200GeV in
contrast to fixed-target or ISR energies
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Hadron / Jet production

O Cross-section measurement: Inclusive jet production el < (el 220)) T SN0
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Hadron / Jet production

O Cross-section measurement: Hadron production
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F. Simon (MIT) - SPIN2006
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® Good agreement of data with NLO pQCD
calculations over several order of magnitude
for neutral and charged pion cross-section

® KKP fragmentation preferred

® Scale uncertainties at the level of systematic
uncertainties (Shown here for neutral pion
cross-section)
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Hadron / Jet production |

O AL measurement: Neutral pion production (STAR BEMC) F. Simon (MIT) - SPIN2006
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Hadron / Jet production

O A.L measurement: Neutral pion production (STAR BEMC)
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Hadron / Jet production

O AL measurement: Neutral pion production (STAR BEMC) Pl VRS 20CE
2 :
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o A, n°result (Run 5) with Run 3/4 jet result
and PHENIX =° result

® Maximum gluon polarization (GRSV-MAX)
scenario ruled out
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Hadron / Jet production

O AL measurement: Neutral pion production (STAR BEMC) Pl VRS 20CE
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and PHENIX =° result

® Maximum gluon polarization (GRSV-MAX)
scenario ruled out

® Improved measurement with Run 6 data
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O A_L measurement: Neutral pion production (STAR BEMC) - . ‘;‘éeﬁgo(gg'mmiso University)

P+p — 1%, Y5=200 GeV, 1.085 < 1 = 2.0, P=60%
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® Forward direction probes different q/g sub-process mixture

® Current analysis (Run 5) in STAR EEMC region (1.09 < n < 2) dominated by beam background
® Several improvements in Run 6 such as reduction in beam background

® Important baseline measurement for future prompt photon measurements
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Hadron / Jet production '

O AL measurement: Charged pion production (-1<n<1) Aeales CCERIDERE RN
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Hadron / Jet production

O A, measurement: Charged pion production (-1<n< 1) A. Kocoloski (MIT) - SPIN2006
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o A () / A (z") allows to track sign of AG at high p; (qg process dominates)

® Maximum gluon polarization (GRSV-MAX) scenario disfavored
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Hadron / Jet production

O AL measurement: Charged pion production (-1<n<1) Aeales CCERIDERE RN
P +p—n +X at s=200 GeV -1<i< 1 P +p — n* + X at \s=200 GeV << 1
<01 — GRSV-STD < 01 — GRsv-STD
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o A () / A (z") allows to track sign of AG at high p; (qg process dominates)

® Maximum gluon polarization (GRSV-MAX) scenario disfavored

® Improved precision with Run 6 data - Study of charged pions based on away-side jet to
reduce jet trigger bias (Leading systematic uncertainty in Run 5 analysis)
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Hadron / Jet production |

O A, measurement: Inclusive jet production (STAR BEMC) D. Relyea (CalTech) - SPIN2006
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Hadron / Jet production

O AL measurement: Inclusive jet production (STAR BEMC) e, =0 (ST = SRV
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® Maximum gluon polarization scenario (6RSV-MAX) ruled out
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Hadron / Jet production

O A, measurement: Inclusive jet production (STAR BEMC) b. Relyea(CalTech) = SPIN2006
1
2y 2
0.2 A _fo Ag(e, @)de v / ndf to curves:
< AG = MAX (stat.+sys. error in
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® Maximum gluon polarization scenario (6RSV-MAX) ruled out
e A, inclusive jet result (Run 5) consistent with previous Run 3/4 result
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Hadron / Jet production

O A, measurement: Inclusive jet production (STAR BEMC) b. Relyea(CalTech) = SPIN2006
1
2y 2
0.2 A _fo Ag(e, @)de v / ndf to curves:
< AG = MAX (stat.+sys. error in
0.15— G0 quadrature)
: E 3(?0; §12F{ Preliminary N 5 5
B 2006 STAR Projections AG p — 1 GeV ~ 18
0.1:— Q ) GRSV-STD: 1.1
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® Maximum gluon polarization scenario (6RSV-MAX) ruled out
e A, inclusive jet result (Run 5) consistent with previous Run 3/4 result
® Precise measurement of A | inclusive jets with Run 6 data
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Hadron / Jet production l

O OQverview of AL measurements at RHIC
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Hadron / Jet production

O OQverview of AL measurements at RHIC

p+p — nlJet + X at \s = 200 GeV near mid-rapidity
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O Lambda production Q. Xu (LBL) - SPIN2006

O The measurement of A polarization at RHIC can give insights into polarized fragmentation and parton

distribution functions
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Q. Xu, E. Sichtermann, Z. Liang, PRD’06

Q Proof-of-principle measurement from
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Di-hadrons / Di-Jet production

O Di-hadron production L. Bland (BNL)

p+p —=>+n+X, vs=200 GeV,
o 3<Nm<4, prw>2.5 GeV/c, 1.5<Pyu<pras GeV/c
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Di-hadrons / Di-Jet production I

O Kinematics T. Sakuma (MIT) - DNP2006

Constraint on event
prs 73 kinematics:

2005 Di-Jet analysis
L1\ cos* / AL (M) 124,325 Di-jet Events
A \ Au (N3+Ny) 14,951 | (HT1)
A (C0sS0™)
s TE 25,077 | (HT2)

.
Parton level

1
1 = — (Prs€™ + pr.e™)
Vs ; 3 = 14 1
gose = tanh log i = + 14
|| 2
Jn = %(pT36_n3 +pT4e_774)
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Di-hadrons / Di-Jet production

T. Sakuma (MIT) - DNP2006

O Data/MC comparison
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Di-hadrons / Di-Jet production

O Ay projected uncertainties: 2005 T. Sakuma (MIT) - DNP2006

Statistical Error for 2005 Di-jet

0.1
- i Center values are set to zero
0.08
0.06 " ZPYPB{<NR_T +N“> B (Ngs_ i NR_?>}
f T e R (G )+ (G )
0.04] n [ | Y'B R4 - Rs Re
0.02[
R :
< T B GRSV STD
002 B GRSV Ag=0
0041 GRSV Ag=-g
0.06 B GRSV Ag=g
-0.08
_0 10_ | | | | | | | ‘ | | | | | | | ‘ | | | | | | | LO MC(Pythia) ALL EValuatiOn
: 20 40 60 80 100 120
M(Di-jet) [GeV/c?] Afi(z1,Q%) Afa(ze, Q%) . \
arr(cos6*)
fi(z1,Q%)  fa(z2,Q?)
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Di-hadrons / Di-Jet production |

O Ay projected uncertainties: 2005 T A
0.08 0.08
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Di-hadrons / Di-Jet production

O A projected uncertainties: 2006 T. Sakuma (MIT) - DNP2006

Statistical Error for 2005 Di-jet

0.04 I I

- B GRSV STD
0.031 B GRSV Ag=0
- GRSV Ag=-g
0'02_ N I B GRSV Ag=¢
0.01—
- # Projections for 2006 Di-jet
- 0 ®
< |
0.01F 2005 2006
0.02 # of di-jets 124,325 ~2,000,000
0,03 Barrel EMC |0 <n <1 -1<n<1
-0 040_ T A R R A K R R B A I POlarlzatlon 40%~50% ~60%
) 20 40 60 80 100 120
: 2
M(DIet) [GeVic] Dedicated level 2 Di-jet Trigger
Yields will be higher if endcap emc is included
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Prompt photon production

O Quark-Gluon Compton scattering

T 1
® A for QGC scattering interpreted in LO QCD: 99 — Vg L0
)
( ) Q Polarized cross-section is <0 [ o g ]
(cos¥’) §Trong|y pe.ake'd whgn photon L b
is emitted in direction of R O
. . — — ]

ol incident quark | 0 |
uon — [ [ I .
larizati Measured asymmetry PR A [ IS O R

polarization , for QGC 1= I

from polarized DIS . O Best determination of AG - E

scattering , . .

for: final-state photon || to 5 ;

0O Note: QGC scattering dominates over initial-state quark 3 :
competing background process: qq9 — g 1=

® Reconstruction of initial-state partonic kinematics: cos 1

0 Event-by-event determination of p; Q Large x quark (large quark polarization) analyzes

(photon energy), m (photon direction) small-x gluons (gluon-rich)

0 Asymmetric QGC scattering (forward boost in

and Njet (jet direction) allows to direction of incident quark)

reconstruct:
recon ® BGCkgr'OUﬂd:
D, i g = max[xl,xz]
X2y = _,y(e—ny +e ) . ) 9 10 - 19/ discrimination needed
Vs X, = mm[xl,xz]
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Prompt photon production

O Quark-Gluon Compton scattering: Prospects at STAR
e Simulated A/ at two different RHIC center-of- v

mass energies:

f’)f’) o ot + X Quark-Gluon Compton scattering
mTT T T T TTT1T T T T 1111 S0000 e T TTTTT T T TTTTT] = o r
: | | ] . o o0 g . Frpy oy jen+ X
g 04 (¥ =200GeV 320ph " | - 200 pb7t ] r
] o s [ 260,000 events diract
< 03 f = 500 GeV 800 ph i e oo shaer
" . 4 = s 320 bl
202 - 3 "ﬁ|"¢ - I83 LA events] AG(x ) (g+q—=1+q) -
N ¢ ] ) Ay =—2Al(x,) @ (cos9")
= C ; 3 i ] /612, LL
ol F «ts 1 loooo G(x,)
X : ¢
o TR &{# ————————— -3 - : |
0.1 |||| L a1l ! |||||: Qo T EEETIE [ R RTY
001 0.1 1 001 ol 1
EEMC proposal Reconstructed X g, op

QO Combined data sample at 200 GeV and 500 GeV is

5 = 200 GeV, 320 pb!
5 =500 Ge'V, 800 pb!

0.8 1 0.8 — . —
essential to minimize extrapolation errors in & [ GS-Al [ n=tomoe| 04 | -eo0r| | -
-ﬂ | _ N @ =0.58+031 & =1.52+075 ]
determining AG: < 04} - 0.4_ﬁ p=-2B£057) 034 lp=-5110.08 -
1 R 1 [ ] , -
-'E - H - I:l LI} =
AG(QZ) - Ag(x,Qz)dx 2 o[ n_:l.SliCl.?A ______ 1 op ] + |
4 =08 +018 GER CS-C
0 o le=sezxos | 1 [, T, oy, TV -
001 0.1 001 01 001 01
) ) Reconstructed % o huon
O Ultimately: Global analysis of several data sets from RHIC
(STAR, PHENIX) and DIS (HERMES, COMPASS) SR e
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Prompt photon production

O 2006GeV / 5006eV data sample impact on AL E. Sichtermann (LBL)

0.8 —
e Q° = 100 GeV*
— .
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'Nq D.E | f.___
% l____.,-r"/-:ﬁ G (&l 0.4 GeVY
N -
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0.4 — [ ] ¥ 1:{: 1:{: %
500 GaV—— 200 Ge'
-0.6 Bard: of. SMC: B, Aceva et al, PRI 58, 112002 (band shows stalistdal uncertainty cnly)

Curves: of. M. Glucs, E, Reya, M. Stratmann, W, Vogelsarg, PRD &3, 094008
Poinks: STARA phgtan-et uncartanty projectisrs: 200 (320 pb, 70%) ang 500 GaV (800 po ' 70%)
it weaw star b geviprohast o s s NI rmaAn g e -STAT 0Y
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i 2 -
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: x
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Summary and Outlook

0O STAR longitudinal spin program

O pQCD NLO calculations describe measured cross-sections (Jets, Neutral pions and

Charged pions)
O Consistent picture emerging to disfavor large gluon polarization scenario

O STAR A measurements: Important contribution o understanding of AG!
O Next critical step: Global analysis incorporating various A, measurements

O Run 6 data: Improved measurements on A, inclusive processes: Inclusive jets, Neutral
pions and Charged pions and new results on correlation measurements: Di-jets and Di-
hadrons (Constrain parton kinematics)

O Future:

O Prompt photons (Medium term)

O Flavor decomposition through W production (Long term)
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